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1991-7902/Copyrightª 2014, AssociatioAbstract Background/purpose: The aim of this retrospective study was to determine the
root and canal morphology of the maxillary first and second molars in a Turkish subpopulation
using cone-beam computed tomography (CBCT).
Materials and methods: CBCT images of 417 women and 410 men aged 14e70 years were
examined. A total of 1158 maxillary permanent first molars and 1305 maxillary permanent sec-
ond molars were analyzed. The number of root canals and canal configurations were investi-
gated and classified according to Vertucci’s classification. The data were analyzed using
Pearson’s Chi-square test.
Results: In both first and second maxillary molars, the presence of three roots was the
most common occurrence. The prevalence of additional canals (type II, III, or greater)
in mesiobuccal roots of maxillary first and second molars was approximately 62% and
37.5%, respectively. Type I canal configuration was the most prevalent in the distobuccal
(99.6%) and palatal (99.8%) roots of maxillary first molars, and in the distobuccal (99.7%)
and palatal (99.2%) roots of maxillary second molars. The incidence of the number of root
canals and the configurations of maxillary first and second molars did not statistically
differ with sex (P > 0.05).ity, Faculty of Dentistry, Department of Pediatric Dentistry, Bayraklı, Izmir 35030, Turkey.
com (M. Altunsoy).
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402 M. Altunsoy et alConclusion: The high prevalence of additional canals in the mesiobuccal roots of maxillary
first and second molars is noteworthy. CBCT is an effective method to study the external
and internal morphology of dental tissues.
Copyright ª 2014, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.Diyarbakir, Turkey between May 2009 and April 2012. InIntroduction
A thorough knowledge of root canal morphology and config-
urations is essential for proper diagnosis and treatment in
endodontics. Root and canal morphologies can vary in
different populations and ethnic groups. Thus, identifying
the root canal anatomy of different ethnic populations is
essential for successful endodontic treatment.1,2 Many
studies have examined root and canal morphologies using
various methods such as sectioning,3 canal staining, and
tooth clearing techniques,4 modified canal staining and
clearing,1 conventional radiography techniques,5 contrast
medium-enhanced radiography,6 and computed tomography
(CT) scanning.7 Radiography provides information regarding
tooth morphology such as pulp chamber size and degree of
calcification, root structure, root curvature, location and
number of canals, fractures, and iatrogenic defects. The
radiographic image produced is a two-dimensional (2D)
representation of a three-dimensional (3D) object. The
interpretation of 2D “shadows” of 3D objects such as com-
plex dental anatomy, root canal morphology, and surround-
ing structures is difficult and can contribute to nonhealing of
endodontic cases.8 To overcome this drawback, which may
also be encountered in several fields of dentistry, 3D imaging
techniques have become essential. Cone-beam CT (CBCT)
scanning has been used in the field of endodontics since
1990.9 This uses a cone-shaped beam of radiation to acquire
data in a single 360 rotation, revealing an object’s internal
structure. CBCT scanning shows improved accuracy, higher
resolution, and is associated with lower scan times and ra-
diation doses when compared with conventional CT imag-
ing.10 CBCT scanning can be used in endodontic diagnosis
owing to its noninvasive nature.
Many studies have assessed the anatomic characteristics
and types of root canal morphology of maxillary molars in
different populations.1e4,6,7,11 To our knowledge, in
PubMed only two studies have reported the root and canal
morphology of maxillary first and second molars in a Turkish
population.12,13 These studies were performed mainly using
canal staining and clearing techniques. However, data
regarding the root and canal morphology of the maxillary
first and second molars in the southeastern Turkish popu-
lation are not available in the literature. Therefore, this
study aims to determine the root and canal morphology of
the maxillary first and second molars in the southeastern
Turkish population using CBCT image analysis.Materials and methods
This retrospective study investigated CBCT images from 827
patients (417 women and 410 men) treated at the Depart-
ment of Oral and Maxillofacial Radiology, Dicle University,total, CBCT images of 1158 maxillary permanent first molars
and 1305 maxillary permanent second molars were
analyzed. All records selected were of patients from
southeastern Turkey. The teeth selected were permanent
maxillary first and second molars that satisfied the
following criteria: (1) not associated with periapical le-
sions; (2) absence of open apices, resorption, or calcifica-
tion; and (3) good quality CBCT images.
The CBCT images were obtained using a CBCT scanner (I-
CAT Vision; Imaging Science International, Hatfield, PA,
USA) at 120 kVp, and 18.54 mA with an exposure time of
8e9 seconds. The voxel size of the images was 0.3 mm. The
images were acquired by an experienced radiologist, and
the procedure was performed according to the manufac-
turer’s instructions.
Two examiners assessed all the images separately and
disagreements between them were discussed until a
consensus was reached. The teeth involved were investi-
gated radiographically using CBCT, and the following ob-
servations were recorded: (1) the number of roots; (2) the
canal configuration in each root according to Vertucci’s
classification (Fig. 1); and (3) the frequency of additional
canals. The data were analyzed using Pearson’s Chi-square
test. All statistical analyses were performed using SPSS
(version 17.0; SPSS Inc., Chicago, IL, USA) software.Results
Number of roots
The number of roots most commonly observed in both first
and second maxillary molars was three. The prevalence of
three roots in the maxillary first molars was 99.1% in female
and 99% in male patients. The prevalence of three roots in
the maxillary second molars was 91.6% in female and 93.3%
in male patients. In both males and females, the preva-
lence of single and two rooted maxillary second molars was
higher than single and two rooted maxillary first molars.
The incidence of root numbers did not statistically differ
with sex (P > 0.05; Table 1).
Number of root canals and canal configurations
Maxillary first molars
Table 2 shows the frequency of distribution of different
canal configurations in the maxillary first molars. Type I
canal configuration was most prevalent in the distobuccal
(DB) and palatal (P) roots of maxillary first molars (99.2%
and 99.8%, respectively). Type III and type IV canal con-
figurations were also observed in 0.2%e0.9% in these roots.
In the mesiobuccal (MB) roots, type IV canal configuration
Figure 1 The Vertucci classification of root canal configurations.
Root canal morphology of maxillary molars 403was most prevalent in both female (50.5%) and male (47%)
patients, followed by type I (36.3e39.8%), type II
(12.7e13%), and type V (0.2e0.3%). The type VI, VII, and
VIII canal configurations were not observed in maxillary first
molars. The incidence of root canal numbers and configu-
rations of maxillary first molars did not statistically differ
with sex (P > 0.05).
Maxillary second molars
The frequency of the distribution of different canal con-
figurations in the maxillary second molars is shown in
Table 3. Type I canal configuration was most prevalent in
the DB and P roots of maxillary second molars
(99.4e99.7%). The type II, III, IV, and V canal configurations
were also observed in 0.1e0.4% in P roots. The type II and IV
canal configurations were equally prevalent (0.2%) in DB
roots. In the MB roots, the type I canal configuration was
the most prevalent in both females (60.6%) and males
(65.2%), followed by type IV (28.3e31.4%), type II
(6.1e7.7%), and type V (0.3e0.5%). Type VI, VII, and VIII
canal configurations were not observed in maxillary second
molars. The incidence of root canal numbers and configu-
rations of maxillary second molars did not statistically
differ with sex (P > 0.05).Discussion
CBCT scanning is an excellent imaging method used to
detect differences in external and internal dental anatomy
(Fig. 2). Further, it offers high resolution and is well-suited
for endodontic applications.7 The root and canal
morphology of teeth can be visualized in 3D. The present
study provides comprehensive information on the root and
canal morphology of the maxillary first and second molars
in a southeastern Turkish population. The study included
patients aged 14e70 years, and is thus relevant for both
pedodontists and endodontists.
It is now generally accepted that the maxillary first and
second molars most commonly have three roots. In the
present study, the incidence of one and two roots in
maxillary first and second molars was found to be approx-
imately 1% and 7.3%, respectively. Conversely, in a study of
a Korean population, 2.1% and 25.2% of the maxillary first
and second molars, respectively, showed a different
morphology than the common three rooted morphology.14 A
study by Neelakantan et al2 on an Indian population re-
ported that 3.2% and 6.9% of the maxillary first and second
molars, respectively, did not exhibit the classical three-
rooted morphology.In the present study, the respective root canal configu-
rations of the MB root of maxillary first permanent molars in
female and male patients were type I in 36.3% and 39.8%,
type II in 13% and 12.7%, type IV in 50.5% and 47%, and type V
in 0.2% and 0.3%, respectively. It was observed that the
prevalence of the MB roots of the maxillary first molars with
additional canals (type II, III, or greater) was approximately
62%. These results are largely in agreement with previous
studies in Japanese (58%),1 Korean (64%),14 Thai (67%),11 and
Mexican5 (60%) populations. However, other studies found
the prevalence of additional canals in MB roots of maxillary
first molars to be 48.2% in an Indian population2 and 52% in a
Chinese population.7 The results of a study conducted by
Caliskan et al13 on a Turkish population are largely consistent
with our results. Caliskan et al13 used canal staining and
clearing techniques and reported a 65% prevalence of addi-
tional canals in the MB roots of the maxillary first molars.
In the present study, additional canals were observed in
0.55% of DB and in 0.2% of P roots of maxillary first molars.
These results are similar to those reported by Zheng et al7
in a Chinese population (1.12% and 1.17%, respectively), by
al Shlabi et al15 in an Irish population (2.5% and 1.2%,
respectively) and by Kim et al14 in a Korean population
(1.25% and 0%, respectively). In a Turkish population, Sert
and Bayirli12 reported that DB and P roots had two canals
with a prevalence of 8% and 6%, respectively; Caliskan
et al13 reported prevalence rates of 1.6% for DB and 6% for P
roots. These rates are higher than those of the present
results, probably because these studies were carried out
using clearing and staining techniques and only 100 teeth
and 200 teeth, respectively, were used.
In this study, the prevalence of additional canals (type II,
III, or greater) in the MB roots of the maxillary second
molars was approximately 37.5%, which is largely in
agreement with the studies reported by Neelakantan et al2
in an Indian population (38%), and Pineda and Kuttler5 in a
Mexican population (36%). Other studies found the preva-
lence of additional canals for MB roots of maxillary second
molars to be 50.7% in a Burmese population16 and 58.5% in a
Thai population.11 These rates are higher than the present
results; however, other studies have shown a lower preva-
lence, e.g., 29% in an American population4 and 18% in the
Han population in China.1
The studies performed by Sert and Bayirli,12 and Caliskan
et al13 on Turkish populations reported that 73% and 74% of
MB roots of maxillary second molars had additional canals
(type II, III, or greater), respectively, both of which are
higher than our results. The differences in the results ob-
tained can be attributed to the variations in the techniques
used in the studies.
Table 1 Frequency distribution of root number in maxil-
lary first and second molars.
Number of
roots
Maxillary first molar Maxillary second molar
Female Male Female Male
Single root 0 1 (0.2) 14 (2.1) 16 (2.4)
2 roots 2 (0.3) 1 (0.2) 39 (5.9) 25 (3.7)
3 roots 571 (99.1) 576 (99) 603 (91.6) 626 (93.3)
4 roots 3 (0.5) 4 (0.7) 2 (0.3) 4 (0.6)
Total 576 582 658 671
Data are presented as n (%).
404 M. Altunsoy et alIn the present study, the prevalence of additional canals
in DB and P roots of the maxillary second molars was 0.3%
and 0.8% respectively. Other studies have reported a
prevalence of 2.6% and 0% of DB and P roots in a Burmese
population,16 and 1.6% and 0% in a Thai population,11 0%
and 2% in Turkish population,13 2% and 0% in Turkish popu-
lation which are similar to our results, respectively. Studies
that involved higher prevalence rates than our study, re-
ported the prevalence of additional canals in the DB and P
roots to be 8% and 6% in a Chinese population,1 and 15% and
12% in an Indian population,2 respectively.
In the present study, type VI, VII, and VIII canal config-
urations were not observed in MB, DB, or the P roots of the
maxillary first molars. This is in agreement with studies
involving in the Chinese Han population,1 Japanese popu-
lation,17 and in an Indian population.2 Other studies have
reported a prevalence of type VI, VII, and VIII canalTable 2 Frequency distribution of root canal configurations of
Canal configuration Mesiobuccal Distobuc
Female Male Female M
I 209 (36.3) 231 (39.8) 567 (99) 5
II 75 (13) 74 (12.7) 0 0
III 0 1 (0.2) 0 0
IV 291 (50.5) 273 (47) 5 (0.9) 1
V 1 (0.2) 2 (0.3) 0 0
VI 0 0 0 0
VII 0 0 0 0
VIII 0 0 0 0
Data are presented as n (%).
Table 3 Frequency distribution of root canal configurations of
Canal configuration Mesiobuccal Distobu
Female Male Female
I 392 (60.6) 429 (65.2) 600 (99.7)
II 50 (7.7) 40 (6.1) 1 (0.2)
III 0 0 0
IV 203 (31.4) 186 (28.3) 1 (0.2)
V 2 (0.3) 3 (0.5) 0
VI 0 0 0
VII 0 0 0
VIII 0 0 0
Data are presented as n (%).configurations of the maxillary first molars of 3%, 5.5%, and
0% in a Turkish population12; 0.12%, 0%, and 0% in a Korean
population14; and 6.5%, 0%, and 0% in a Turkish popula-
tion,13 respectively.
In this study, type VI, VII, and VIII canal configurations
were not observed in maxillary second molars. Similar re-
sults were obtained in the studies involving the Chinese Han
population1 and a Thai population.11 Other studies have
reported the respective prevalence of type VI, VII, and VIII
canal configurations of the maxillary second molars to be
0%, 0%, and 0.05% in an Indian population2; 0.15%, 0%, and
0% in a Korean population14; 4.5%, 0.5%, and 0.5 in a Turkish
population12; and 0%, 1.3%, and 0% in a Burmese popula-
tion, respectively.16
Some of the findings concerning the canal configurations
of the maxillary first and second molars presented in this
study may differ from those of previous studies carried out
in a Turkish population.12,13 The following factors may
explain the differences obtained in the results: (1) regional
differences within a country may influence the outcome of
morphological studies; and (2) variations in examination
methods, classification systems, sample sizes, and ethnic
backgrounds of tooth sources (Tables 4 and 5)18,19 may also
influence the results.
To our knowledge, there are only two studies in PubMed
involving canal numbers and configurations of maxillary first
and second molars in a Turkish population.12,13 These
studies were performed with canal staining and tooth
clearing techniques and used only 100 teeth samples and
200 teeth samples, respectively, for each type of tooth. Inthe maxillary first molars.
cal Palatal Extra root canal
ale Female Male Female Male
78 (99.5) 575 (99.8) 581 (99.8) 3 (100) 4 (100)
0 0 0 0
0 1 (0.2) 0 0
(0.2) 1 (0.2) 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
the maxillary second molars.
ccal Palatal Extra root canal
Male Female Male Female Male
621 (99.7) 653 (99.4) 664 (99) 2 (100) 4 (100)
1 (0.2) 1 (0.2) 1 (0.1) 0 0
0 1 (0.2) 2 (0.3) 0 0
1 (0.2) 1 (0.2) 3 (0.4) 0 0
0 1 (0.2) 1 (0.1) 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
Figure 2 Images of teeth with root and canal configurations in axial section. (A) Red arrows show bilateral permanent maxillary
first molars with second canal in the mesiobuccal root. (B) Yellow arrows show bilateral permanent maxillary first and second
molars with second canal in the mesiobuccal roots. (C) Blue arrows show bilateral maxillary permanent second molars with two
roots and two canals.
Root canal morphology of maxillary molars 405the current study, the canal numbers and configurations
were determined using CBCT images. Approximately 1158
images and 1305 images were evaluated for maxillary first
and second molars, respectively. Therefore, it can be
argued that the current study is more comprehensive than
other studies.12,13 Another factor that may have contrib-
uted to the differences in the results could be the differ-
ences in the geographic location where the studies were
carried out. The studies by Sert and Bayirli12 and Caliskan
et al13 were carried out in northwestern and westernTable 4 Percentages of root canal configurations of maxillary fi
Study Ethnic
group
Method No. of
teeth
Root Type I
Neelekantan et al2 Indian CBCT 191 MB 51.8
Sert and Bayirli12 Turkish Staining and
clearing
200 MB 6.5
Caliskan et al13 Turkish Staining and
clearing
100 MB 34
Kim et al14 Korean CBCT 775 MB 36.4
Weng et al1 Chinese Staining and
clearing
50 MB 66.7
Weine et al3 Japanese Radiographic
analysis
293 MB 42
Neelekantan et al2 Indian CBCT 191 DB 90.4
Sert and Bayirli12 Turkish Staining and
clearing
200 DB 91
Caliskan et al13 Turkish Staining and
clearing
100 DB 98.4
Kim et al14 Korean CBCT 775 DB 98.8
Weng et al1 Chinese Staining and
clearing
50 DB 88.9
Neelekantan et al2 Indian CBCT 191 P 88.1
Sert and Bayirli14 Turkish Staining and
clearing
200 P 95
Caliskan et al13 Turkish Staining and
clearing
100 P 93.4
Kim et al14 Korean CBCT 775 P 100
Weng et al1 Chinese Staining and
clearing
50 P 97.8
Present study Turkish CBCT 1157 MB 38.5
Present study Turkish CBCT 1157 DB 99
Present study Turkish CBCT 1157 P 99.8
CBCT Z cone-beam computed tomography; DB Z distobuccal; MB ZTurkey; whereas, in the present study, CBCT images were
obtained from patients who lived in the southeastern region
of Turkey. These regions have profound environmental and
climatic differences.
Within the limitations of this study, it can be concluded
that more than half of MB roots of maxillary first molars
have additional canals and that the Vertucci type IV was the
most prevalent type of canal configuration. The most
frequently observed canal configurations for MB roots of
maxillary second molars were type I followed by type IV.rst molars in various studies.
Type II Type III Type IV Type V Type VI Type VII Type VIII
5.5 0 38.6 0 0 0 0
40 15 28 3 5.5 1 0
41 0 75.4 1.6 11.5 0 0
20.5 0.25 40 2 0.12 0 0
8.9 8.9 8.9 6.6 0 0 0
24.2 0 30.4 3.4 0 0 0
2.7 1.8 1.8 0 0 0 0
3 3.5 2.5 0.5 0 0 0
0 0 0 0 1.64 0 0
0.37 0.12 0.37 0.37 0 0 0
6.7 0 0 4.4 0 0 0
1.8 0 4 1.4 0 0 0
0 1.5 1.5 1 0 0 0
3.3 0 0 3.3 0 0 0
0 0 0 0 0 0 0
0 2.2 0 0 0 0 0
13 0.1 49 0.3 0 0 0
0 0 0.6 0 0 0 0
0 0.1 0.1 0 0 0 0
mesiobuccal; P Z palatal.
Table 5 Percentages of root canal configurations of maxillary second molars in various studies.
Study Ethnic
group
Method No. of
teeth
Root Type I Type II Type III Type IV Type V Type VI Type VII Type VIII
Neelekantan et al2 Indian CBCT 191 MB 62 6.3 0 24.4 0 0 0 0
Sert and Bayirli12 Turkish Staining and
clearing
200 MB 41 26.5 8 12.5 5 4.5 0.5 0.5
Caliskan et al13 Turkish Staining and
clearing
100 MB 27 23.6 2.1 14.7 4.2 6.25 0 4.2
Kim et al14 Korean CBCT 775 MB 63 16 0.3 15.2 2.4 0.2 0 0
Weng et al1 Chinese Staining and
clearing
50 MB 82 8 0 6 4 0 0 0
Weine et al3 Indian CBCT 191 DB 85 1.5 2.4 4.4 0 0 0 0
Neelekantan et al2 Turkish Staining and
clearing
200 DB 98 2 0 0 0 0 0 0
Sert and Bayirli12 Turkish Staining and
clearing
100 DB 100 0 0 0 0 0 0 0
Caliskan et al13 Korean CBCT 775 DB 100 0 0 0 0 0 0
Kim et al14 Chinese Staining and
clearing
50 DB 92 2 0 0 6 0 0 0
Weng et al1 Indian CBCT 191 P 87.8 0 0 3.4 0.9 0 0 0.5
Neelekantan et al2 Turkish Staining and
clearing
200 P 100 0 0 0 0 0 0 0
Sert and Bayirli14 Turkish Staining and
clearing
100 P 97.9 0 0 0 2.1 0 0 0
Caliskan et al13 Korean CBCT 775 P 100 0 0 0 0 0 0 0
Kim et al14 Chinese Staining and
clearing
50 P 94 0 6 0 0 0 0 0
Present study Turkish CBCT 1305 MB 63 7 0 30 0.4 0 0 0
Present study Turkish CBCT 1305 DB 99.7 0.2 0 0.2 0 0 0 0
Present study Turkish CBCT 1305 P 99.2 0.2 0.25 0.3 0.15 0 0 0
CBCT Z cone-beam computed tomography; DB Z distobuccal; MB Z mesiobuccal; P Z palatal.
406 M. Altunsoy et alType I canal configuration was the most prevalent
(approximately 100%) in DB and P roots of both teeth. The
incidence of root canal numbers and configurations did not
differ with sex. CBCT is a clinically useful device that aids in
endodontic diagnosis and management. This study provides
supplemental information for dentists regarding root canal
morphology of maxillary first and second molars.Conflicts of interest
The authors have no conflicts of interest relevant to this
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